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1
VOLTAGE-CONTROLLED DC LINK FOR
VARIABLE FREQUENCY GENERATOR
EXCITATION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority from European Applica-
tion No. 13305684.6, filed May 27, 2013, entitled VOLT-
AGE-CONTROLLED DC LINK FOR VARIABLE FRE-
QUENCY GENERATOR EXCITATION, which is
incorporated by reference.

BACKGROUND

The present invention is concerned with improving the
operation of variable frequency generators (VFG), in particu-
lar for controlling the excitation current of a VFG.

A variable frequency generator (VFG) is used in many
applications where a power generator is required to generate
outputs of different frequencies or voltages to power different
loads. For example, modern aircraft power generation sys-
tems often use VFGs to provide electrical power to various
on-board loads and applications.

Rotation of the main engine shaft is converted, by the VFG,
into electrical energy which is then switched to appropriate
frequencies as appropriate to power the various on-board
applications and loads.

A variable frequency generator includes a permanent mag-
net generator (PMG), an exciter, and a main generator
mounted for rotation on a common shaft. The shaft is driven
by a prime mover such as a gas turbine engine.

A generator control unit (GCU) converts alternating cur-
rent from the PMG to provide DC current to the exciter.
Current from the exciter is fed to the main generator, which
produces a voltage output.

FIG. 1 shows, as a schematic block diagram, an example of
an existing VFG system. Excitation is provided to the VFG by
rectifying, with no control—i.e. with a passive rectifier
6—the voltage produced by the permanent magnet generator
1 stage of the VFG, and then a controlled current, created by
means of a chopper 7 operating in current-source mode, is
injected into the VFG exciter 2 stage. This provides a DC link
voltage with a variable magnitude directly dependent on the
mechanical input speed to the VFG, from the input shaft 4,
varying from a voltage V when the engine is at idle speed, to
2xV when the engine is at maximum (take-off, for aircraft)
speed. The relationship between input frequency and DC link
voltage is shown in FIG. 3.

Problems can occur in such VFGs leading to overvoltage
situations. For example, a failure may occur inside the gen-
erator control unit (GCU) at the chopper stage, for example
one of the switches may be stuck closed. This can happen, in
particular, at high mechanical input speeds, and excitation
control can be lost. The current source duty cycle may be
brought to its maximum and the VFG output voltage would
develop very quickly and become so large as to exceed the
maximum voltage acceptable by the electrical loads.

Such overvoltage problems have been previously identi-
fied. Known techniques for preventing damage if such failure
occurs include inserting an over-voltage protection unit
(OPU) in series with the VFG excitation lines. The OPU
senses the output voltage and immediately opens the excita-
tion lines whenever an overvoltage occurs.

In systems in which overvoltage protection relies on the
GCU monitoring the power supplied by the main generator
and then tripping a switch to an open condition once an
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2

overvoltage threshold has been reached, further problems
have been identified. For example, manufacturing defects or
environmental effects may simultaneously disable the GCU
and cause abnormally high generator output values. The dis-
abled GCU is then unable to detect or react to these high
output values.

US 2013/0003231 provides an alternative overvoltage pro-
tection technique involving predicting a primary control cur-
rent to provide a predicted control current and detecting an
overvoltage condition based on a comparison of the predicted
control current and the primary control current and interrupt-
ing the primary control current based on the comparison.

Such systems, however, still have the problems identified
above in that the VFG output overvoltage is dependent on
mechanical input speed and can develop to a very high value
very quickly, exceeding the maximum acceptable voltage and
causing damage if the OPU reaction time is not appropriate.

SUMMARY

The present invention aims to deal with overvoltage in a
different way, without using an OPU and, instead, creating a
voltage-regulated DC link using PMG power and frequency
information.

Accordingly, the present invention provides apparatus for
controlling the excitation current of a variable frequency gen-
erator driven by a rotator shaft, comprising

means for generating a voltage-regulated DC link voltage
that decreases non-linearly with increasing speed of the rotat-
ing shaft; and

means for deriving, from the DC link voltage, a controlled
current for injection into the variable frequency generator.

Whilst the key to the invention is that an inversely propor-
tional voltage-regulated DC link voltage is generated from
which a controlled current is derived, the most preferred
embodiment comprises a controlled DC link generating cir-
cuit for generating the voltage-regulated DC link and a gen-
erator control unit physically separate from, but electrically
connected to the output of the controlled DC link circuit.

In a most preferred embodiment, the controlled DC link
generating circuit comprises a rectifier to rectify the input
voltage created from the rotation of the rotator shaft, and a
step-down chopper circuit electrically connected to the out-
put of the rectifier to output a controlled DC link voltage that
decreases with increased frequency of rotation of the rotator
shaft.

Ina most preferred embodiment, the means for deriving the
controlled current comprises a chopper operating in current-
source mode.

According to another aspect of the invention, there is pro-
vided a system for generating a variable frequency power
output from energy provided by rotation of an input shaft. The
system comprises a variable frequency generator motor
arrangement and apparatus, as described above, for control-
ling the excitation current thereof.

Most preferably, the variable frequency generator arrange-
ment comprises a permanent magnet generator to receive
rotation of the input shaft, an exciter, and a main generator,
the variable frequency output being provided by the output of
the main generator.

Most preferably, the apparatus for controlling the excita-
tion current of the variable frequency generator receives exci-
tation signals from the permanent magnet generator and out-
puts controlled exciter signals which are injected into the
exciter.

According to another aspect of the invention, there is pro-
vided a method of controlling the excitation current of a
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variable frequency generator driven by a rotator shaft, said
method comprising generating a voltage-regulated DC link
voltage that decreases non-linearly with increasing speed of
the rotating shaft and deriving, from the DC link voltage, a
controlled current for injection into the variable frequency
generator.

In a most preferred embodiment, although the control
apparatus and method could find application in many systems
requiring variable frequency power control, the invention
comprises an aircraft power distribution system having a
variable frequency generator and apparatus for controlling
the excitation current thereof, as defined above.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be
described by way of example only, with reference to the
drawings, in which:

FIG. 1 shows a schematic circuit diagram of an existing
VFG with overvoltage protection provided by an OPU.

FIG. 2 shows a schematic circuit diagram of a VFG and
control system according to the present invention.

FIG. 3 shows an example of an uncontrolled DC link volt-
age varying with input frequency as a result of prior art
systems such as shown in FIG. 1.

FIG. 4 shows an example of how the controlled DC link
voltage of the present invention varies with input frequency.

DETAILED DESCRIPTION

With reference to both FIG. 1 and FIG. 2, an example VFG,
driven by an input shaft 4 from the, for example, aircraft
engine, e.g. a gas turbine engine, includes a permanent mag-
net generator (PMG) 1, an exciter 2 and a main generator 3.
These three machine components are mounted on a common
rotor shaft.

Preferably, the permanent magnet generator (PMG)
includes a rotor assembly and a stator assembly (not shown).
The stator assembly supplies power for generator excitation,
as well as power for other components of the electrical sys-
tem.

The exciter also preferably includes a rotor assembly and a
stator assembly (not shown).

The system further includes a generator control unit (GCU)
5 connected between the PMG and the exciter. The exciter
receives field excitation from the PMG through the GCU.

The GCU, in the example shown, includes a passive recti-
fier 6 and a chopper 7 operating in current source mode.

In commonly available generators, permanent magnets of
the PMG rotate with rotation of the motor shaft 4 to create an
excitation field causing rotation of the PMG rotor(s). The
rotation is rectified by a rectifier 6. Thus the rectifier 6 rectifies
the voltage produced by the PMG 1. The variable voltage DC
link output by the rectifier is then subjected to a current
control function by means of a chopper 7 operating in current-
source mode. The resulting controlled current is injected into
the VFG exciter 2.

The rotor assembly of the exciter provides an output to the
main generator 3 which provides the desired output voltage
which is achieved by controlling the chopper.

In order to monitor and respond to overvoltage situations,
in prior art systems, an overvoltage prevention unit (OPU) 8
is provided between the GCU 5 and the exciter 2. This moni-
tors the control current from the GCU for an excessive voltage
and causes a switch to open to interrupt flow of the control
current to the exciter in the event of detection of overvoltage.
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As mentioned above, and as shown in FIG. 3, the DC link
voltage generated by the GCU is of a magnitude directly
dependent on the input speed from the input shaft and can,
therefore, be very high when the input shaft speed is at its
maximum.

Referring now to FIG. 2, the present invention removes the
OPU and separates the DC voltage source and the excitation
current chopper.

A step-down voltage-controlled chopper 11 is connected to
the output of the passive rectifier 10 to provide overvoltage
control at this stage. The control law of this voltage-con-
trolled source is such that when the mechanical input speed of
the VFG increases, the output of this chopper is a controlled
DC-link voltage that decreases non-linearly. Thus, the DC-
link voltage varies from V when the engine is at an idle speed
to V/2 when the engine is at its maximum (take-off) speed—
i.e. the DC-link voltage is inversely proportional to the input
shaft mechanical speed. An example of the DC link control is
shown in FIG. 4. This controlled DC-link voltage is then
subject to the current control function of the GCU 12 using a
current-source chopper 13 as described in relation to FIG. 1
and this is provided to the exciter 2 of the VFG.

The present invention ensures that an overvoltage that
might occur during an excitation chopper failure is limited
and its magnitude can be chosen by design. Moreover, the
overvoltage magnitude becomes independent (at first order)
of the VFG mechanical input speed. Separating, physically,
the excitation current chopper 13 and the DC voltage source
4 (rectifer and step-down voltage chopper) will ensure inde-
pendence of failure. Thus, when a failure occurs on one sub-
assembly, it will not impact the operation of the other sub-
assembly, but can be monitored and detected thereby,
consequently shutting the whole system down, and leading to
a very safe operation. Using this technique would allow the
overall voltage regulation loop of the VFG-GCU system to
become more stable because the system gain trends to
become constant over speed range. The full duty cycle of the
excitation current loop can be used because this new concept
makes a VFG-GCU generator behave like an IDG (integrated
drive generator)-GCU system in terms of voltage transients.

This invention could be used on all applications using
variable frequency generators, specifically those requiring a
high integrity over-voltage protection. One application is in
aircraft and the invention is particularly applicable to aircraft
having engines with high speed ratio between idle and maxi-
mum take-off speed, for example, but not limited to, turbofan-
equipped aircraft.

While the invention has been described with reference to
an exemplary embodiment(s), it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments
falling within the scope of the appended claims.

The invention claimed is:

1. An apparatus for controlling the excitation current of a
variable frequency generator driven by a rotator shaft, com-
prising:

a step-down chopper configured to output a voltage-regu-
lated DC link voltage that is inversely proportional to a
rotational speed of the rotator shaft; and

a chopper current source configured to derive, from the
voltage-regulated DC link voltage, a controlled current
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for injection into the variable frequency generator using
the voltage-regulated DC link voltage.

2. A system for generating a variable frequency power
output from energy provided by rotation of an input shaft;
wherein the system comprises a variable frequency generator
motor and the apparatus as defined in claim 1, for controlling
the excitation current thereof.

3. The system of claim 2, wherein the variable frequency
generator comprises a permanent magnet generator to receive
rotation of the input shaft, an exciter, and a main generator,
the variable frequency output being provided by the output of
the main generator.

4. The system of claim 2, wherein the apparatus for con-
trolling the excitation current of the variable frequency gen-
erator receives excitation signals from the permanent magnet
generator and outputs controlled exciter signals which are
injected into the exciter.

5. A method of controlling the excitation current of a vari-
able frequency generator driven by a rotator shaft, said
method comprising:

generating, by a step-down chopper circuit, a voltage-regu-

lated DC link voltage that is inversely proportional to a
rotational speed of the rotating shaft; and

deriving, by a chopper current source, a controlled current

using the voltage-regulated DC link current for injection
into the variable frequency generator.

6. An aircraft power distribution system comprising:

a variable frequency generator driven by a rotator shaft;

a controlled DC link generating circuit that generates a

voltage-regulated DC link voltage that is inversely pro-
portional to a rotational speed of the rotator shaft; and

6

a generator control unit that derives from the voltage-regu-
lated DC link voltage a controlled current for injection
into the variable frequency generator.

7. The system of as claimed in claim 6, wherein the gen-
erator control unit is physically separate from, but electrically
connected to an output of the controlled DC link circuit.

8. The system as claimed in claim 6, wherein the controlled
DC link generating circuit comprises a rectifier to rectify the
input voltage created from the rotation of the rotator shaft, and
a step-down chopper circuit electrically connected to the out-
put of the rectifier to output a controlled DC link voltage that
decreases with increased frequency of rotation of the rotator
shaft.

9. The system as claimed in claim 6, wherein the generator
control unit comprises a chopper operating in current-source
mode.

10. The apparatus of claim 1, further comprising:

a first circuit board, wherein the step-down chopper is

configured on the first circuit board; and

a second circuit board physically separate from, and elec-
trically connected to, the first circuit board, wherein the
chopper current source is configured on the second cir-
cuit board.

11. The apparatus of claim 10, wherein the first circuit
board further includes a passive rectifier configured to receive
an AC voltage from the variable frequency generator and
convert the AC voltage into a rectified DC voltage for the
step-down chopper.

12. The apparatus of claim 1, wherein a duty cycle of the
step-down chopper circuit is actively controlled using an
operating frequency of the variable frequency generator.
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